We study dissipative models for plates and we show that the solutions has smoothing e ect on the initial data for viscous plates, while for materials with memory the solution propagates singularities, that is the solution of the plate equation of memory type is as regular as the initial data. Moreover, we show that when both dissipations are present, the memory type prevails in the sense that the solution propagates singularities. Finally, we prove the existence of global solutions for non linear dissipative equations, with small data, which decay exponentially as time goes to in nity.
Introduction
In the motion of elastic bodies dissipation of the energy occurs by three means. Firstly, when the temperature is di erent at di erent points in the body. This fact produces irreversible process of thermal conduction, which makes with the dissipation of the energy be negative proporcional to the square of the thermal di erence. The corresponding equation for plates is known as the thermoelastic plate equation and is written in its simple form (isotropic and homogeneous plates) as where u is the transversal displacement and is the di erence of temperature. Secondly, when internal motions occurs in the body there are irreversible processes arising from the nite velocity of that motion. This means that the energy dissipation is produced by the internal friction or viscosity. In this situation the approximated linear plate model is given by: u tt + 2 u + u t = 0 in (1.1) Finally, dissipation of the energy is produced also when the stresses at any instant depend on the history of strains which the material has undergone. In this case we said that the dissipation energy is provided by the memory e ect of the body. The equation of motion which re ect this property is written as u tt + 2 u ? The boundary conditions we consider here is u = u = 0 on @ where g is the derivative of the relaxation function, which characterizes the memory of the material. Note that if g = 0 then we get the simple plate equation.
In this paper we compare the dissipation produced by the internal motion and the memory e ect. That is, we study the behaviour of the solution of equations (1.1) and (1.2) which these damping mechanism produce. We show that the dissipation given by the internal friction is strong enough to produce uniform rate of decay (exponentially in bounded domains) and smoothing e ect on the initial data, that is, the solution of the viscoelastic equation (1.1) is C 1 at any positive time, no matter how irregular is the initial data. While if we consider the dissipation given by the memory e ect (equation (1.2)) although we also can show exponential rate of decay, arbitrary smoothing e ect on the initial data does not hold any more. This means that the solution of (1.2) propagate singularities in the sense that if the initial data does not belong to H m , then the corresponding solution does not belong to H m+1 . So, there exists a regularizing e ect of one order only. From our above discussion it seems that the dissipation given by internal friction is stronger than such produced by the memory e ect. So we may ask, what happen with materials for which both kind of dissipations are present. That is, how is the behaviour of the solution of the equation u tt + 2 u ? Or it is not possible to get any characterization. We will show in section 2 and 3 that, contrary to our intuition this kind of equation propagate singularities, which means that the memory e ect prevails over the internal friction, making that the corresponding equation has an hyperbolic behaviour.
We will show the above properties in a general setting, where viscoelastic plate equations appear as a particular case. Energy estimates are also important to prove decay rates for solutions as time t tends to in nity. To be more precise, let us introduce the following notations: u(x; 0) = u 0 (x); u t (x; 0) = u 1 :
By u] we are denoting the following vector eld. u(t)] = jju t jj 2 ; jjA 1 2 ujj 2 ; (u; u t ) : (1.5) Concerning the existence of solution, we show that equation (1.4) is well posed for small data in the norm of D(A 1=2 ) H. That is, if we take initial data (u 0 ; u 1 ) small in D(A 1=2 ) H, then we can prove the existence of global solution which decays exponentially as time goes to in nity. Concerning the regularity of the solution, we show the smoothness e ect on the initial data, which means that no matter how irregular is the initial data, (with initial data such that the existence of at least a local solution is guaranteed) the solution must be in C 1 (0; T; D(A 1 )), provided N = 0, 0 < < 2, M and S are C 1 -functions. By D(A 1 ) we are denoting \ 1 i=1 D(A i ).
So, the corresponding equation has the same behaviour as the heat equation. While if we take N 6 = 0, then we can show that the solution propagates singularities, which means that solution is as regular as the initial data. So, the equation has an hyperbolic behaviour.
Existence and asymptotic behaviour
In this section we prove the existence of global solutions of equation (1.4) for small data (u 0 ; u 1 ) in D(A 1=2 ) H. Our proof is based on a priori estimates which we use to continue the local solution globally in time. The existence of a local smooth solution to (1.4) is established using standard contraction mapping argument and we omit details here (cf. 12]). We will use the following hypotheses on g G1 g(t) > 0, ?kg(t) g 0 (t) ?cg(t), 0 g 00 (t) Cg(t), ?c 0 g(t) g 000 (t) 0, 8t 0.
Where k, c, C, c 0 are positives constants. Let us take g 2 C(IR), f 2 C 1 ( 0; T]; H) and 2 C(IR The mean di culty to prove the global existence for small data in D(A 1=2 ) H, is to show that the rst order energy decays exponentially; but we overcome it using the spectral properties of the operator A. h 000 j + j h 0 j + g(0)h 00 j ? j
Multiplying (2.6) by h 00 j and using
? j f(0) Then our conclusion follows.
To get the global existence of solutions for equations (2.1), we de ne the following functionals
M j (t) = jh 00 j j 2 + j jh 0 j j 2 + j 2 g u t h j + j 2 jh j j 2 S j (t) = j 2 q j h j + j (g h j )q j + jq j j 2 2 + r j q j + g(0) 2 p j h 0 j + N 1 (1 + j ) + g(0) 2 2 ] q j h j 2 + r j h j E 1 (t) = jju t jj 2 Note that any solution h j of (4.3) can be written as h j (t) = h 1 j (t) + h 2 j (t) + h 3 j (t) where h 1 j (t) is the solution of (4.3) for h 0 j (0) = h 00 j (0) = 0; h 2 j (t) is the solution of (4.3) for h j (0) = h 00 j (0) = 0; h 3 j (t) is the solution of (4.3) for h j (0) = h 0 j (0) = 0:
Observer that h j (t) is also a solution of (4.2) if h 00 j (0) + 2 j h j (0) + j h 0 j (0) = 0:
First we consider the case: h 0 j (0) = 0 and h 00 j (0) = ? 2 j h j (0 Where j d 1j < c and r 1j < c. From where our conclusion follows.
